Objective: To determine whether three variants (388 G>A, 521 T>C, and 463 C>A) of the solute carrier organic anion transporter family member 1B1 (SLCO1B1) are associated with neonatal hyperbilirubinemia. Data source: The China National Knowledge Infrastructure and MEDLINE databases were searched. The systematic review with meta-analysis included genetic studies which assessed the association between neonatal hyperbilirubinemia and 388 G>A, 521 T>C, and 463 C>A variants of SLCO1B1 between January of 1980 and December of 2012. Data selection and extraction were performed independently by two reviewers. Summary of the findings: Te n articles were included in the study. The results revealed that SLCO1B1 388 G>A is associated with an increased risk of neonatal hyperbilirubinemia (OR, 1.39; 95% CI, 1.07---1.82) in Chinese neonates, but not in white, Thai, Latin American, or Malaysian neonates. The SLCO1B1 521 T>C mutation showed a low risk of neonatal hyperbilirubinemia in Chinese neonates, while no significant associations were found in Brazilian, white, Asian, Thai, and Malaysian neonates. There were no significant differences in SLCO1B1 463 C>A between the hyperbilirubinemia and the control group. Conclusion: This study demonstrated that the 388 G>A mutation of the SLCO1B1 gene is a risk factor for developing neonatal hyperbilirubinemia in Chinese neonates, but not in white, Thai, Brazilian, or Malaysian populations; the SLCO1B1 521 T>C mutation provides protection for neonatal hyperbilirubinemia in Chinese neonates, but not in white, Thai, Brazilian, or Malaysian populations. © 2013 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. 
Introduction
Hyperbilirubinemia is the most common clinical condition in newborns. Between 8% and 11% of neonates develop significant hyperbilirubinemia, defined as total serum bilirubin (TSB) above the 95th percentile for age (high-risk zone) during the first week of life. 1 The levels of TSB rise to the high-risk zone, leading to long-term consequences, including bilirubin-induced encephalopathy and kernicterus. 2 Despite the advent of phototherapy and exchange transfusion, kernicterus continues to be reported worldwide, especially in developing countries. 3 Therefore, the identification of infants at risk of developing neonatal hyperbilirubinemia has become particularly important. 4 There are many factors that could account for the development of neonatal hyperbilirubinemia, including ABO or Rh incompatibilities, deficiency of glucose-6-phosphate dehydrogenase (G6PD) and pyruvate kinase, hereditary spherocytosis, defective hemoglobin synthesis, hypothyroidism, breast milk jaundice, and cephalohematoma, among others. 5 Several clinical genetic disorders influence bilirubin physiology. The UDP-glycosyltransferase 1 family, polypeptide A1 (UGT1A1), and solute carrier organic anion transporter family enzymes organic anion transporter polypeptide 2 (OATP2) are responsible for glucuronidation and cellular uptake of bilirubin, respectively, and play an important role in regulating the bilirubin levels. 6 OATP2 is located on the basolateral (sinusoidal) membrane of human hepatocytes, and is encoded by the gene of the solute carrier organic anion transporter family member 1B1 (SLCO1B1).
Recent studies have suggested that the variations 388 G>A, 521 T>C, and 463 C>A of the SLCO1B1 gene may predispose subjects to neonatal hyperbilirubinemia by limiting hepatic bilirubin uptake. 7 They vary in different populations, with a high prevalence of the 388 G>A (73.4%) and 521 T>C (14.0%) variants occurring in Chinese subjects. 8 A 16% prevalence of the 463 C>A variant has been reported in Europeans and Americans. 9 Neonatal hyperbilirubinemia is known to occur more frequently and to be more severe in Asians than in whites. 10 The authors hypothesized that SLCO1B1 mutation may be one of the risk factors for neonatal hyperbilirubinemia, which possibly accounts for the variability in prevalence rates among different ethnic groups. The role of SLCO1B1 gene in neonatal hyperbilirubinemia is still controversial. Thus, the objective of this systematic review with meta-analysis was to assess the impact of the three variants (388 G>A, 521 T>C, 463 C>A) of SLCO1B1 on hyperbilirubinemia in neonates of different ethnicities.
Methods
This systematic review with meta-analysis was based on a method recommended by the Human Genome Epidemiology Network (http://www.cdc.gov/genomics/hugenet).
Selection of studies
The electronic databases of the China National Knowledge Infrastructure and MEDLINE were searched for all Este é um artigo Open Access sob a licença de CC BY-NC-ND 
Inclusion and exclusion criteria
Polymorphisms related to neonatal hyperbilirubinemia were divided into three groups according to the three variants (388 G>A, 521 T>C, and 463 C>A) of SLCO1B1. Case-control, cohort, and family-based studies presenting original data on associations between the genetic polymorphisms and neonatal hyperbilirubinemia were eligible for inclusion, provided that (i) the cases of neonatal hyperbilirubinemia were included according to the diagnostic criteria utilized in various countries; (ii) the control group consisted of comparable infants without a history of hyperbilirubinemia; (iii) the enrollment of participants was made based on prior knowledge of genotype, and genotyping; (iv) the study reported the ethnic ancestry of participants; and (v) the reported genotype distributions were in Hardy-Weinberg equilibrium. Hardy-Weinberg equilibrium was performed by chi-squared analysis. Exclusion criteria included review articles as well as articles that studied populations aged up to 28 days.
Data extraction
Tw o investigators (Long J and Zhang SF) extracted data independently. When conflicting evaluations occurred, an agreement was reached after a discussion. Briefly, for all studies, the following data were extracted from the original publications: first author and year of publication; genes and relevant polymorphisms; neonatal hyperbilirubinemia definition; study population; number of genotyped cases and controls; frequencies of genotype; and SLCO1B1 gene polymorphism genotyping information.
Statistical analysis
Stata software (version 9.0; Stata Corp. LP -College Station, TX, USA) was used to pool data from case---control or cohort studies. These studies mainly provided three genotypes, and these genotype groups were assessed using allelic comparisons and mutant comparisons (heterozygous and homozygous mutant type vs. homozygous wild type).
Results were given as odds ratios (OR) with 95% confidence intervals (CI), and a p-value < 0.05 was considered to be statistically significant. The heterogeneity assumption was checked using an I 2 statistic. An I 2 value of > 50% signified ''substantial heterogeneity'', and a random effects model was used. An I 2 value of ≤ 50% showed the absence of heterogeneity and defaulted to the fixed effects model approach. Funnel plots and Egger's linear regression test were used to identify potential publication bias, and p < 0.05 was considered indicative of statistically significant publication bias.
Results
The literature search identified 546 articles on the association between genetic polymorphisms and neonatal hyperbilirubinemia. Of these, 536 were subsequently excluded after screening of abstracts or full texts. Ultimately, 10 articles were assessed as useful for the systematic review with meta-analysis, 11---20 and nine studies were included in the meta-analysis. 11---19 The flow diagram of study identification is shown in Fig. 1 . These studies were conducted on six countries (China, Malaysia, Thailand, the United States, Brazil, and Turkey). They included 1,164 cases of neonatal hyperbilirubinemia and 1,416 controls. The characteristics of the included studies are summarized in Table 1 .
In one study included in the systematic review, there were no statistically significant differences in the risk of neonatal hyperbilirubinemia for the 388 G>A and 521 T>C variants of SLCO1B1. 11 Nine studies were included in the meta-analysis, which assessed the association between the SLCO1B1 388 G>A mutation and neonatal hyperbilirubinemia ( Table 2) . 12---20 Results of the meta-analysis indicated that there was no statistically significant difference in the risk of neonatal hyperbilirubinemia between SLCO1B1 388 G>A allele carriers (A/A+G/A) and G/G allele carriers (OR, 1.07; 95% CI: 0.90---1.28) (Fig. 2) . A significant inter-study heterogeneity was observed (p = 0.00). Egger's test provided no evidence for funnel plot asymmetry in the comparison of the SLCO1B1 388 G>A mutation and neonatal hyperbilirubinemia (t = 2.12, p = 0.07).
Additionally, in the subgroup analyses based on ethnicity, no significant associations were found in white (OR, 1.01; 95% CI: 0.69---1.49), Asian, Thai, Latin American, or Malaysian populations (Table 3) . However, significantly elevated risks were found in the SLCO1B1 388 G>A variant genotypes in Chinese neonates (OR, 1.39; 95% CI: 1.07---1.82). A significant inter-study heterogeneity was also observed in subgroup analysis of Asian populations (p = 0.02).
Meta-analysis comparing the A allele to the G allele in the SLCO1B1 388 G>A mutation also showed an increased risk of neonatal hyperbilirubinemia (OR, 1.32; 95% CI: 1.06---1.64) in Chinese neonates, but not in white, Thai, Latin American, or Malaysian populations (Fig. 3 and Table 3 ). Significant interstudy heterogeneity was also observed in subgroup analyses of Asian and Chinese neonates, but not in white populations. Egger's test provided no evidence for funnel plot asymmetry in the comparison of the SLCO1B1 388 G>A mutation and neonatal hyperbilirubinemia (t = 2.29, p = 0.06). Full-text articles assessed for eligibility (n = 21)
Studies on SLCO1B1 polymorphisms and neonatal hyperbilirubinemia (n = 12)
Studies were assessed to be useful for systematic review with meta-analysis (n = 10), nine studies included in the meta-analysis.
Studies excluded for study population aged up to 28 days (n = 2)
Studies were excluded for the following reasons: -Review papers (n = 125) -Did not address SLCO1B1 polymorphisms in neonatal hyperbilirubinemia (n = 321) -Not case-control, cohort, and family-based studies on neonatal hyperbilirubinemia (n = 79)
Studies on genetic polymorphisms and neonatal hyperbilirubinemia were identified (n = 546)
Studies were excluded for reporting the relationship between polymorphisms and G-6-PD deficiency, Gilbert syndrome, or Crigler-Najjar syndrome (n = 9) Figure 1 Flow diagram of study identification. CI, confidence interval; SLCO1B1, solute carrier organic anion transporter family member 1B1.
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Odds ratio (95% Cl) 12 Tian et al. 13 Jiang et al. 14 Huang et al. 15 Wong et al. 16 Prachukthum et al. 17 Watchko et al. 18 Büyükkale et al. 19 Alencastro de azevedo et al.
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Study
Zhang et al. 12 Tian et al. 13 Jiang et al. 14 Huang et al. 15 Wong et al. 16 Prachukthum et al. 17 Watchko et al. 18 Büyükkale et al. 19 Alencastro de azevedo et al. 20 Overall Five case---control studies from three countries, which includes our study, with 637 hyperbilirubinemic case subjects and 918 control subjects, were included in the meta-analysis of the association between the SLCO1B1 521 T>C mutation and neonatal hyperbilirubinemia (Table 4) . 12, 15, 16, 19, 20 Results of the meta-analysis indicated that there was no statistically significant difference in the risk of neonatal hyperbilirubinemia between SLCO1B1 521 T>C allele carriers (C/C+C/T) and T/T allele carriers (Fig. 4) ; the same was observed when comparing the T allele to the C allele in the SLCO1B1 521 T>C mutation (Fig. 5) . In addition, in the subgroup analyses based on ethnicity, low risk of neonatal hyperbilirubinemia was found in Chinese neonates, and no significant associations between SLCO1B1 521 T>C allele carriers (C/C+C/T) and T/T allele carriers were found in Brazilian, white, Asian, Thai, and Malaysian neonates; the same was observed when comparing the T allele to the C allele in the SLCO1B1 521 T>C mutation (Table 5) Three case---control studies from three countries, with 286 hyperbilirubinemic cases and 456 controls, were included in the meta-analysis of the association between the SLCO1B1 463 C>A mutation and neonatal hyperbilirubinemia (Table 6) . 15, 17, 18 No carriage of the C to A substitution at nucleotide 463 was detected in two studies, and only one study, 18 which involved American subjects, showed 31 
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Odds ratio Figure 4 Meta-analysis of SLCO1B1 521 T>C in neonatal hyperbilirubinemic group and control group (comparison of C/C+C/T vs. T/T). CI, confidence interval; SLCO1B1, solute carrier organic anion transporter family member 1B1.
Study
Zhang et al. 12 Huang et al. 15 Wong et al. 16 Watchko et al. 18 Alencastro de azevedo et al. 18 there were no statistically significant differences in the risk of neonatal hyperbilirubinemia between SLCO1B1 463 C>A allele carriers (A/A+C/A) and C/C allele carriers (OR, 0.77; 95% CI: 0.48---1.23); the same was observed when comparing the A allele to the C allele in the SLCO1B1 463 C>A mutation (OR, 0.72; 95% CI: 0.47---1.11).
Discussion
The present systematic review with meta-analysis indicated that there was no statistically significant difference in the risk of neonatal hyperbilirubinemia in those with the SLCO1B1 388 G>A mutation. In subgroup analyses based on ethnicity, no significant associations were found in white, Asian, Thai, Brazilian, and Malaysian populations, but significant associations were present in Chinese neonates. Meta-analysis of five case-control studies indicated that there was no statistically significant difference in the risk of neonatal hyperbilirubinemia for those with the SLCO1B1 521 T>C mutation. In subgroup analyses based on ethnicity, no significant associations were found in white, Asian, Brazilian, and Malaysian populations, but a low risk was found in Chinese neonates. Three case-control studies from three countries assessed the association between the SLCO1B1 463 C>A mutation and neonatal hyperbilirubinemia. No carriage of the C to A substitution at nucleotide 463 was detected among three studies, and only one study of American infants reported the variant SLCO1B1 at nt 463 in hyperbilirubinemic and in control infants (0.156 and 0.155, respectively), with no statistically significant difference between the groups.
Egger's test provided no evidence for funnel plot asymmetry in the comparison of the SLCO1B1 388 G>A and 521 T>C mutations and neonatal hyperbilirubinemia. Three studies focused on the relationship between the SLCO1B1 463 C>A mutation and neonatal hyperbilirubinemia: two studies did not detect a carriage of the C to A substitution, and one study showed a non-significant increase in the risk of neonatal hyperbilirubinemia. No significant inter-study heterogeneity was observed in the analyses. Therefore, it is believed that the results of the present meta-analysis are reliable.
In the nine included studies, which analyzed the association between the SLCO1B1 388 G>A mutation and neonatal hyperbilirubinemia, only three studies from China showed a positive relationship. 13---15 In five included studies that analyzed the association between the SLCO1B1 521 T>C mutation and neonatal hyperbilirubinemia, only one study from China showed a negative relationship. 12 In other populations, no statistically significant difference was observed. The genetics of racial differences might explain the variability in prevalence of neonatal hyperbilirubinemia among different ethnic groups.
An in vitro expression study demonstrated that SLCO1B1 388 G>A variations are consistently associated with reduced transport activity of SLCO1B1. 21 Evidence suggests that transient hyperbilirubinemia may be caused by potent SLCO1B1 inhibitors, such as indinavir, saquinavir, cyclosporine A, and rifamycin. 22 Following rifampicin administration (450 mg/day) for five consecutive days, serum bilirubin levels were significantly increased, and unconjugated bilirubin, direct bilirubin, and total bilirubin levels were increased by 24.9%, 31.5%, and 26.8%, respectively. 23 Thus, modulation of the transporting activity of SLCO1B1 could alter the transportation and subsequent elimination of serum bilirubin. The SLCO1B1*1B (C388 G---C521T) haplotype has been associated with increased OATP1B1 transport activity in vitro in studies performed with bromosulfophthalein and estrone-3-sulfate. 21 ,24 SLCO1B1 may be a useful therapeutic target for neonatal hyperbilirubinemia, but further studies are needed to explore this hypothesis, and to confirm whether some SLCO1B1 activators could improve the transporting activity of the SLCO1B1 gene, which could enhance uptake of bilirubin from blood to bile and decrease serum bilirubin levels.
In addition, there were also some limitations in this study. Firstly, the diagnostic criteria for neonatal hyperbilirubinemia were not consistent. Secondly, there were studies included with a relatively small population of subjects, which might have some effect on the power of our analysis. Thirdly, various other factors may also have contributed to neonatal hyperbilirubinemia, such as environmental factors, which were not explained in the included studies.
